Background: The contradictory results on the interaction between nutritional status and malaria warrants further investigation in various epidemiological settings, to assert the antagonistic or synergistic relationship. This study examines the prevalence, severity and predictors of malnutrition and its influence on malaria parasitaemia and anaemia severity in children in the Mount Cameroon area. Methods: A cross-sectional study involving 454 children ≤ 14 years was carried out from February to May 2013 in Muea community. Anthropometric measures of malnutrition (z-scores < −2 standard deviations below mean) were obtained and spleen size assessed. The prevalence and density of malaria parasites were determined and haemoglobin concentration and white blood cell count obtained using an automated haematology analyzer. Univariate and multivariate analyses were used to evaluate influence of malnutrition on anaemia, malaria parasitaemia and predictors respectively. Results: The overall prevalence of malnutrition was 22.8 %, with stunting being the most common form (17.1 %), followed by underweight (8.2 %) and wasting (5.5 %). Stunting was significantly higher (P < 0.01) in males (23.1 %) than in females (11.9 %). The prevalence of malnutrition was significantly highest (P = 0.03) in children ≤5 years old (29.5 %) than their counterparts. Severe stunting, wasting and underweight were prevalent in 4.9 %, 1.6 % and 1.8 % of the children respectively. Clinical malaria parasitaemia was significantly higher (P = 0.01) in children who were stunted (16.9 %) and underweight (21.6 %) than their normal counterparts (7.5 %; 8.2 % respectively). The model demonstrated sex (P = 0.006) and age group 1.1-3 years (P = 0.03) as significant predictors of malnutrition. In children who were malaria parasite negative, the prevalence of anaemia as well as severities were significantly higher (P = 0.04 and P = 0.001 respectively) in those malnourished. Conclusions: The presence of stunting in the community significantly augmented the prevalence and clinical presentation of Plasmodium infection. Malnutrition enhanced the severity of anaemia in malaria parasite negative children hence, their health and growth potential needs to be improved upon.
Background
In developing countries, including those in sub-Saharan Africa, malnutrition represents an additional burden and often co-exists with malaria [1] . While under nutrition increases the general susceptibility of an individual to viral, bacterial and parasitic infections [2, 3] , infections negatively impact on the nutritional status, resulting in a vicious cycle of under nutrition and infection [4, 5] . Synergism between malnutrition and infection is responsible for much of the excess mortality among individuals in less developed regions.
Nutritional status may be assessed by subjective clinical evaluation, or by the use of anthropometric indicators and reference standards to determine poor nutritional status based on low weight-for-age (underweight), low heightfor-age (stunting), or low weight-for-height (wasting). Wasting is considered a manifestation of acute malnutrition, whereas stunting represents long-term malnutrition [6] . Undernutrition among children is a critical problem because its effects are long lasting and go beyond childhood. There is growing evidence that the health and nutrition of young children has a long-term effect on their cognitive development [7] . Stunting, which is the main type of malnutrition in young children, has been associated with impaired cognitive development, reduced academic achievement, and decreased physical work capacity in adulthood, with negative consequences on economic development of societies [8] . Stunting and wasting have also been strongly associated with the risk of death in children [9] .
The influence of nutrition on the disease burden of malaria is unclear. The contradictory results on the interaction between nutritional status and malaria [10, 11] , warrants further investigation in various epidemiological settings, to assert the antagonistic or synergistic relationship. Knowledge on the burden of stunting and other nutritional indices are lacking in children in the Mount Cameroon area where malaria is a major public health problem. This study examines the prevalence, severity and predictors of malnutrition and its influence on malaria parasitaemia and anaemia severity in children in the Mount Cameroon area.
Methods

Study area and participants
The study was carried out in Muea, a semi-rural setting in the rain forest ecozone on the Eastern flank of the active volcanic Mount Cameroon. The coordinates of the study area ranged from altitude 540 m, latitude 04°1 0.464′N, longitude 009°18.168′E to 556 m, 04°10.015′ N and 009°18.009′E. Muea is about 29 km from the Atlantic Ocean, has an equatorial climate with relative humidity of above 80 %, a temperature range of 18 -28°C and an annual rainfall of about 4096 mm. The rainy season characterised by frequent light showers, spans from March to October. The dry season runs from November to February. Plasmodium falciparum accounts for up to 96 % of malaria infections in this area [12] . Muea has a heterogeneous and multiethnic population with about 3500 children <14 years old. The children from the community who participated in the study weighed >5 kg, were ≤14 years old, free from other clinical conditions not related to malaria and sickle test negative. Children who presented with fever, joint pains, headache, malaise, abdominal pain, nausea, and vomiting were considered to be symptomatic.
Study design
A cross-sectional study was carried out from February 2013 to May 2013, which included the rainy season reported as the peak malaria transmission period in the Mount Cameroon Region [13] . After obtaining ethical clearance, administrative and local authorizations for the study, the team with the help of the health personnel proceeded to the field for sample collection. The collection of samples commenced a week following the deworming of the children in schools and community as a national health policy by officials from the Ministry of Public Health. Before start of the study, the parents, guardians and children were sensitized at their various quarters. A total of 500 children were randomly selected from the ten quarters in the study area by drawing from a list of homes with children less than 15 years of age. Briefly, the homes with children less than 15 years of age as well as the number of children in each of the homes were listed. The total number of children was randomly selected by drawing lots from the names listed. Consent forms were sent through the community health worker to parents and guardians of children in the selected homes seeking their consent/assent to participate in the study. Only the 454 children who presented a signed consent/assent form or verbal consent from parent or guardian took part in the study. The sample size for the study was calculated using the 85.4 % prevalence of malaria in children in the study area in 2006 [14] . The sample size was determined using the formula n = z 2 pq/d 2 [15] where n = the sample size required, z = 1.96: confidence level test statistic at the desired level of significance, p = 85.4 %: proportion of malaria prevalence, q = 1-p: proportion of malaria negative children and d = acceptable error willing to be committed. The minimum sample size was estimated as n = 192. This was adjusted to an optimum of at least 400 samples taking into consideration the decline in malaria parasite prevalence in the Mount Cameroon area [16] as well as for comparability with previous studies carried out in the area. The investigation methods included clinical evaluation and laboratory investigations.
Clinical evaluation
Clinical evaluation was carried out by trained medical personnel. The clinical evaluation consisted of measurement of body temperature and examination of the spleen. Axillary body temperature was measured using a digital thermometer. A child with a body temperature ≥37.5°C was considered febrile. The tip of the spleen was felt by pressing the abdomen under the left coastal border and splenomegaly was graded according to the classification of Hackett [17] . Ages of the children were obtained from their mothers and verified from their birth certificates. Weight and height were measured using a Hamson scale balance and a measuring tape respectively. Height-for-age (HA), weight-for-age (WA) and weight-for-height (WH) standard deviation (SD) scores (z scores) were computed based on the National Centre for Health Statistics (NCHS)-WHO growth reference curves using the nutrition module of the Epi Info 2000 programme [18] . Underweight was defined as a weight-for-age z (WAZ) score of < − 2; wasting as a weight-for-height z (WHZ) score of < −2 and stunting as height-for-age z (HAZ) score of < −2. A child was identified as being malnourished if he or she scored < −2 in one of the anthropometric indices HA, WA and WH indices. Z scores of < − 3 indicated severe wasting, severe stunting or severe underweight [19] .
Laboratory methods
Approximately 4 mL of venous blood was collected from each participant into sterile disposable syringe and used for the preparation of thick and thin blood films. The remaining blood was dispensed into labelled ethelenediaminetetraacetate (EDTA) tubes. Labelled blood samples were transported on ice in a cool box of temperature between 8-10°C to the University of Buea Malaria Research Laboratory for further analyses. The thick and thin blood films prepared on glass slides at the time of blood sampling were stained with Giemsa and examined following standard protocols [20] . Parasite density was determined on the bases of number of parasites per 200 leukocytes on thick blood film with reference to participants' white blood cell (WBC) count. If gametocytes were seen, the count was extended to 500 leukocytes [21] . A complete blood count including values for WBC and haemoglobin (Hb) concentration were obtained using an auto haematology analyser, the Beckman Coulter counter (URIT 3000), following the manufacturer's instructions. Anaemia was defined as Hb < 11 g/dL [20] . Asymptomatic malaria parasitaemia (AMP) was defined as the presence of Plasmodium with an axillary temperature of <37.5°C while clinical malaria parasitaemia (CMP) was defined as the presence of any species of Plasmodium, with an axillary temperature of ≥37.5°C or reported fever in previous 48 h/headache/joint paint.
Statistical analysis
Data was entered into spread sheets using Microsoft Excel and analysed with the Statistical Package for Social Sciences (SPSS) version 19 (IBM -SPSS, Inc, Chicago, IL, USA). Data were summarized into means and standard deviations, and percentages were used in the evaluation of the descriptive statistics. Proportions were compared using the Chi-square test (χ 2 ). Differences between group means were compared using non parametric test, the Mann-Whitney U test. Malaria parasite counts were log transformed before analysis. A binomial logistic regression model analysis was conducted to predict factors associated with malnutrition with sex, age groups, spleen size, anaemic and parasite status as independent variables. The interaction among confounders was also examined. Significant levels were measured at 95 % confidence interval (CI) with significant differences set at P < 0.05.
Ethical consideration
Administrative clearance was obtained from the South West Regional Delegation of Public Health. The institutional review board hosted by the Faculty of Health Sciences, University of Buea issued the ethical clearance document. Further authorization was obtained from the chief and quarter heads of the Muea community. During sensitisation at the beginning of the study, the protocol was explained and the benefits of participating in the study highlighted. Children were enrolled into the study only when parent or guardian signed the assent form or gave a verbal consent. The participation of the children in the study was voluntary.
Results
Characteristics of the study participants
A total of 454 children with a mean ± SD age of 6.7 ± 3.4 years of both sexes residing in Muea in the Mount Cameroon area were evaluated for the prevalence and intensity of malnutrition and its influence on malaria parasitaemia and anaemia severity. Out of the 454 children examined, 211 (46.5 %) were males while 243 (53.5 %) were females. Only 451 children had complete anthropometric measurements. The mean ± SD of HAZ, WAZ and WHZ scores were −0.58 ± 1.7, −0.40 ± 1.3 and 0.06 ± 1.5 respectively. The overall prevalence of malnutrition in the study population was 22.8 % (CI = 19.2-26.9 %), with stunting being the most common form (17.1 %, CI = 13.9-20.8 %), followed by underweight (8.2 %, CI = 6.0-11.1 %) and wasting (5.5 %, CI = 3.8-8.1 %) as shown in Table 1 .
Malnutrition in study population
As revealed in Table 2 , more males (29.3 %, CI = 23.6-35.8 %) were malnourished when compared with females (17.3 %. CI = 13.1-22.5 %) and the difference in prevalence was significant at P <0.01. While stunting was significantly higher (P < 0.01) in males (23.1 %, CI = 17.9-29.3 %) than in females (11.9 %, CI = 8.4-16.6 %), the difference in prevalence of underweight and wasting amongst the sexes was not significant (P >0.05).
The prevalence of malnutrition was significantly highest (P <0.05) in children in the less than or equal to 5 years age group (29.5 %, CI = 23.2-36.7 %) when compared with the 6-10 (18 %, CI = 13.3-23.8 %) and the 11-14 years (20.8 %, CI = 13.1-31.6 %) age groups. Similarly, the prevalence of underweight was significantly highest (P = 0.01) in children in the ≤5 years age group (13.3 %, CI = 9-19.2 %), than their 6-10 (4.9 %, CI = 2.7-8.7 %) and 11-14 years old (5.6 %, CI = 2.2-13.4 %) counterparts. On the other hand, a comparison of the prevalence of stunting and wasting amongst the different age groups revealed no significant differences (Table 2) .
Amongst children in the less than or equal to 5 years age groups, although not statistically significant (P = 0.15), malnutrition was most common in children aged between 1.1-3 years (37.5 %, CI = 27.2-49.1 %), when compared with those ≤1 year (25.5 %, CI = 10.2-49.5 %) and those in the 3.1-5 years (23.5 %, CI = 15.8 = 33.6 %) age groups.
The prevalence of severe stunting, severe wasting and severe underweight in the study population was 4.9 % (22) 1.6 % (7) and 1.8 % (8) respectively.
P. falciparum malaria and nutritional status
Although not statistically significant (P >0.05), the prevalence of P. falciparum was higher in malnourished children (39.8 %), more especially in those stunted (42.9 %) and underweight (43.2 %) than their normal equivalent. On the other hand, P. falciparum parasite prevalence was lower in children who were wasted than those normal as shown in Fig. 1 .
Similarly, the GMPD (geometric mean parasite density)/μL of blood was higher in malnourished children (915.8) when compared with their well nourished counterparts (816.6) although the difference was not statistically significant (P = 0.81). Specifically, malaria parasite counts were highest in those wasted than those stunted, underweight and normal as shown in Fig. 2 .
Following a comparison of the presence of clinical and asymptomatic malaria parasitaemia and nutritional status, the prevalence of CMP was significantly higher (P <0.01) in malnourished children (16.5 %, CI = 10.6-24.9 %) when compared with well nourished children (6.9 %, CI = 4.7-10.1 %). On the other hand, the difference in prevalence of AMP in the different categories of children was none significant as shown in Table 3 . While CMP was significantly higher (P <0.05) in children who were stunted (16.9 %, CI = 10.1-26.8 %) and underweight (21.6 %, CI = 11.4-37.2 %) than their normal counterparts (7.5 %, CI = 5.2-10.6 %; 8.2 %, CI = 5.9-11.3 % respectively), the prevalence of CMP was comparable (P = 0.78) in those wasted (Table 3) .
Clinical predictors of malnutrition
A test of the full model against a constant only model was statistically significant (χ 2 = 22.79, df = 8, P = 0.004) indicating that the independent variable sets reliably distinguished between malnourished and nourished children.
The binomial logistic regression model demonstrated sex (P = 0.006) and age group 1.1-3 years (P = 0.03) as significant predictors of malnutrition as shown in Table 4 . The age group 1.1-3 years was associated with 2 fold higher risk of being malnourished.
Influence of nutritional status on anaemia severity
Although not statistically significant (χ 2 = 3.5, P = 0.06), the prevalence of anaemia was higher in malnourished children than their well nourished counterparts. Mild, moderate and severe anaemia were significantly highest (χ 2 = 9.89, P = 0.02) in malnourished than those normal (Fig. 3) . As revealed in Table 5 , in children who were malaria parasite negative, the prevalence of anaemia as well as mild, moderate and severe anaemia were significantly higher (P = 0.04 and P = 0.001 respectively) in malnourished than in well nourished children. On the other hand, no statistically significant difference in prevalence of anaemia and severities of anaemia (P = 0.69 and P = 0.95 respectively) were observed in malnourished and well nourished children who were malaria parasite positive.
Discussion
The nutritional status of a person is the most important determinant factor in the health status of that individual, especially children and adolescents for a period of growth. The fundamental relationship between undernutrition and malaria is multifaceted. While some findings show that undernutrition increases susceptibility to malaria [6] , others indicate that malaria increases the likelihood of a child having poor nutritional outcomes [22] . This study investigated the prevalence, intensity and predictors of malnutrition in children living in an area meso endemic for malaria as well as its influence on the prevalence of asymptomatic and clinical malaria parasitaemia and anaemia severity.
Malnutrition was common (22.8 %) in the community with an overall prevalence of 17.1 % for stunting, the most common form of malnutrition. This is lower than the 58.1 % observed in children of the same community in 2006 by Nkuo-Akenji et al. [23] as well as 30.2 % in Dibanda in the same Mount Cameroon area by Mbuh and Nembo [24] and 38.64 % for stunting by Tine et al. [25] in Senegal. The decline in the prevalence of malnutrition in the community may be linked to the recorded decline in malaria parasite prevalence observed in the population over the years and the regular de-worming campaign carried out in school children by the Ministry of Public Health in Cameroon. Infectious diseases have been reported to have a negative impact on nutritional status, resulting in a vicious cycle of under nutrition and infection [4, 5] . Furthermore, the acquisition of knowledge by caregivers/parents on the health and nutritional status of their children following the education on the outcome of the previous study and knowledge on proper feeding habits may have played a significant role in improving the nutritional status of the children. Although an improvement in the nutritional status was observed analyses of the mean HAZ, WAZ and WHZ scores revealed that majority of the children did not attain their maximum growth potential as all three mean scores were less than 1 each. Children whose weight-for-age is less than −1 SD are at increased risk of death [26] .
Malnutrition was significantly higher in males (29.3 %) than females (17.3 %) and the binomial logistic regression analysis revealed male children were significantly at odds of being malnourished than females. More specifically, stunting was significantly higher in males while the prevalence of wasting although not significant was common in females than males. The observation is in line with Kamugisha et al. [27] who reported that stunting and underweight were common among males than females in all age groups. In addition, in a meta-analysis of 16 demographic and health surveys in Sub-Saharan Africa, boys were reported to be more stunted than girls [28] . The authors attributed it to the biological vulnerability of male children than the female children. This vulnerability may be a contributing factor to the higher malaria morbidity reported in male children in the Mount Cameroon area [29, 30] hence increasing the likelihood of male children having poor nutritional outcome.
Severe nutritional conditions (z score less than −3) such as underweight and wasting were uncommon in the study population, while the presence of severe stunting (4.9 %) was comparable to that reported by Ehrhardt et al. [31] in African children (5.8 %). The presence of severe stunting in the community which probably reflects long standing processes affecting growth of the children adversely is a cause for concern as stunting has been associated with impaired cognitive development [8] . While Pongou et al. [32] has reported a positive effect of maternal education and health seeking behaviour on child nutritional status in Cameroon, there is therefore the need for immediate interventions on factors directly linked to growth such as; feeding habits, nutritional intake, education of caregiver/family head and proper health seeking behaviours which may go to reverse the effects of malnutrition. The observation of age as a significant predictor of malnutrition is not unusual. In line with Ehrhardt et al. [31] , the prevalence of malnutrition was significantly highest in children ≤ 5 years than their counterparts. The prevalence of chronic malnutrition in the under five (19.7 %) is similar to those obtained by Maketa et al. [33] in the Democratic Republic of Congo. However, the prevalence values for stunting, underweight and wasting were lower when compared with children of the same age group in Ethiopia [34] . All three forms of malnutrition had similarities in the age pattern of distribution nevertheless, only the difference in prevalence of underweight was statistically significant. Amongst children under five years of age, those between 1.1 to 3 years of age had a 2 fold risk of being malnourished than the others as revealed in the binomial regression analysis. This is critical as a child's optimal growth occurs during the first 2 years of life. Some of the children in this age group include those on transition from breast milk to complementary foods which when given may not be adequate both in nutrient content and amount of intake to meet the requirements for growth. In as much as children in this age group are at high risk of malaria, the increased risk of gastrointestinal infection associated with the introduction of complementary foods may also contribute to malnutrition.
Although the relationship between the presence of malaria parasite and nutritional status was not significant, malnourished children were 1.35 times at odds of being malaria parasite positive and had higher GMPD than normal children. The manifestation of chronic and acute nutritional deficits which results in stunting and wasting respectively influenced the prevalence of malaria parasite in the population. Overall, while children who were stunted and underweight had a higher prevalence of malaria parasite, those wasted had a lower prevalence. On closer examination, in line with Crookston et al. [35] , no significant relationship was observed between the presence of asymptomatic malaria parasitaemia and stunting as well as the other forms of malnutrition. On the other hand, children who were stunted and underweight had significantly higher prevalence of clinical malaria parasitaemia. In the same light Friedman et al. [11] in Kenya reported stunting to be associated with clinical malaria. The nutritional inadequacies of these children may have influenced their vulnerability to the expression of clinical infection as Caulfield et al. [6] suggested malnutrition influences the susceptibility to and manifestation of malaria. Wasting which is a form of acute malnutrition has been reported as a risk factor for malaria following the low humoral responses to malarial antigens in wasted children [36] . Interestingly, findings from the study revealed the prevalence of malaria parasitaemia was lower in those wasted than in the well nourished. In addition to the lower clinical and asymptomatic malaria parasitaemia observed (Table 3) , children who were wasted also had a higher parasitaemia when compared with their counterparts (Fig. 2) . This probably suggests that children with acute malnutrition in this meso endemic area were able to regulate or were protected to some extent against infection per se, its clinical presentation but not the parasite densities. However these findings need further investigation in a holo endemic area to assert the role of acute malnutrition in malaria endemic areas.
Malnutrition is known to be a leading factor to anaemia and findings from the study revealed mild, moderate and severe anaemia to be significantly higher in malnourished children. The multivariate analysis revealed anaemic children were 1.4 times at odds of being malnourished than their well nourished counterparts but it was not a statistically significant risk factor when compared with being male and of the 1.1 -3 years age group. However, the significant influence of malnutrition on the prevalence and severity of anaemia was only discernible in children who were malaria parasite negative while its additive influence was insignificant in those positive (Table 5) . While these findings demonstrate the significant contribution of malnutrition to the presence and severity of anaemia in the population, it also highlights anaemia due to P. falciparum infection as a significant public health problem. Hence in malaria endemic areas there is a need for integrated interventions targeting both malnutrition and malaria so as to improve upon the health and growth potential of the children.
Conclusions
The presence of stunting in the community significantly augmented the prevalence and clinical presentation of Plasmodium infection while wasting ensured some protection per se. Being male and 1.1 to 3 years of age are significant clinical risk factors of malnutrition and malnutrition enhanced the severity of anaemia especially in malaria parasite negative children. Hence the health and growth potential of children in this meso endemic area can be improved upon by integrating interventions directly linked to growth to the malaria and helminth control programmes already in place.
